&TION 



^^B^T WORLD INTELLECTUAL PROPERTY O^KAT 

^^^^ International Bureau ^^^F^ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 




(51) Inter :*ional Patent Classification 5 

ami 19/00, 13/04 

C07D 489/02 



Al 



(11) International Publication Number: WO 93/03051 

(43) Internationa] Publication Date: 18 February 1993 (18.02.93) 



(21) International Application Number: PCT/GB92/01449 

(22) International Filing Date: 4 August 1992 (04.0852) 



(30) Priority data: 
9116909.4 



6 August 1991 (06.0851) GB 



(71) Applicant (for all designated States except US): SALFORD 

* ULTRAFINE CHEMICALS AND RESEARCH LI- 
MITED [GB/GB]; Enterprise House, Manchester 
Science Park, Lloyd Street North, Manchester M15 4EN 
(GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : SCHEINMANN, Fe- 
odor [GB/GB]; 12 Fairway Drive, Sale, Cheshire M33 
4PW (GB). LUMBARD, Keith, William [GB/GB]; 37 
Tillard Avenue, Cheadle Heath, Stockport SK3 0UB 
(GB). BROWN, Richard, Talbot [GB/GB]; 1 Undley 
Road, Cheadle Hulme, Cheshire SK8 7HP (GB). MAY- 
ALARP, Stephen, Patrick [GB/GB]; 52 Marshall Road, 
Levenshulme, Manchester M19 2FQ (GB). CARTER, 
Neil, Edward [GB/GB]; 11 Btrch Grove, Rusholme, 
Manchester M14 5JX (GB). 



(74) Agents: QUEST, Barry et al.; M'Caw & Co., 41-51 Royal 
Exchange, Cross Street, Manchester M2 7BD (GB). 



(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CS, 
DE, DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG, 
MN, MW, NL, NO, PL, RO, RU, SD, SE, US, Euro- 
pean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, 
IE, IT, LU, MC, NL, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



.(54) Title: A PROCESS FOR MAKING MORPHINE-6-GLUCURONIDE OR SUBSTITUTE© MORPHINE^GLiJCU- 
RON1DE 



FflO 




(I) 



(57) Abstract 

Morphine-6-glucuronide or substituted morphine-6-giucuronide of formulae (I) is made by conjugation of a glucuronate 
ester and/or substituted glucuronate ester with morphine or substituted morphine in the presence of a Lewis acid catalyst and in 
the absence of silver catalysts and barium hydroxide and other heavy metal derivatives. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Siaies party to ihe PCI* on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


Fl 


Finland 


AU 


Australia 


FR 




BB 


Barbados 


CA 


Gabon 


BE 


Belgium 


CB 


United Kingdom 


BF 


Burkina Faso 


CN 


Guinea 


BG 


Bulgaria 


CR 


Greece 


BJ 


Benin 


HU 


Hungary 


BR 


Brazil 


IE 


Ireland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CC 


Congo 


KP 


Democratic People's Republic 


CH 


Switzerland 




or Korea 


O 


Cole d'Uoirc 


KR 


Republic or Korea 


CM 


Cameroon 


U 


licchicnstein 


CS 


Czechoslovakia 


LIC 


Sri Lanka 


CZ 


Ouch Republic 
Germany 


US 


lojxcflibuurg 


DE 


MC 


Monaco 


DK 


Denmark 


MC 




ES 


Spain 


ML 


Mali 



MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


ML 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


SU 


Soviet Union 


TO 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United Slates of America 



c 



WO 93^tf PCT/GB92/01449 

- 1 - 

A PROCESS FOR MAKING MORPHINE- 6-GLUCURONIDE OR 
SUB ST I TUTED MORPHINE- 6 -GLUCURONI DE 



This invention relates to a process for making 
morphine- 6-glucuronide or substituted morphine- 
6-glucuronide. 

Morphine- 6- JB -D-glucuronide (M6G) is a 
metabolite of morphine in the human body and is a 
more powerful analgesic than morphine itself (R. 
Osborne et al . , The Lancet , 1988 , 828 and literature 
cited therein) . It has previously been synthesised by 
H. Yoshimura et al., (Chenu Pharm. Bull . , 1968, 16 , 
2114) and others e.g. (P-A Carrupt. et al., J. Med . 
Chem., 1991, 3£, 1272) using the Koenigs-Knorr 
procedure whereby methyl (tri-O-acetyl- 
-D-glucopyranosylbromide)uronate is synthesised 
(G.N. Bollenback et al., J. Amer. Chem . Soc . , 1955*, J5, 
231) and reacted with 3-acetylmorphine in the presence 
of silver carbonate in refluxing benzene. The final 
isolation of morphihe-6-glucuronide requires liberating 
it from an insoluble barium salt prior to purification 

9 

by recrystallisation (H. Yoshimura et al . Chem. Pharm. 
Bull ., loc. cit. and P-A.Carrupt et al . , J. Med . 
Chem . , loc . cit.). Morphine- 6-glucuronide is now 
required in substantial quantities for extensive 
biological and clinical evaluations. The trace 
amounts of heavy metals from the Koenigs-Knorr method 
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of production can be very difficult to remove in the 
final product. Another problem associated with the 
Koenigs-Knorr reaction is that glycoside formation 
involves an unstable sugar derivative and a 
heterogenous reaction system which leads to variable 
yields of the conjugate and difficulties in 
purification when the synthesis of 
morphine- 6-glucuronide is carried out on a larger 
scale. 

Similar problems were encountered on producing 
morphine-3,6-diglucuronide. This compound is 
also of importance as a metabolite of morphine and its 
monoglucuronides . 

The present invention has been made from a 
consideration of these problems* 

It is the object of the present invention to 
provide new preparations of morphine-6-glucuronide and 
morphine-3,6-diglucuronide and their derivatives which 
use stable intermediates and avoid the Koenigs-Knorr 
procedure involving the use of heavy metal derivatives 
e.g. silver and barium reagents in the synthetic 
process. 

According to the present invention there is 
provided a process for making morphine-6-glucuronide or 
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substituted morphine- 6- glucuronide of the following 
formulae :- 



R 3 
I 




Wherein R , R and R may be any of the 
fol lowing 



R A = alkyl, aryl, acyl, silyl, phosphate, sulphate, 
hydrogen or glycoside. 



R = glycoside esters. 



R = alkyl r aryl, hydrogen, < CH 2^ n X wlxere x = 
4 

NRR , alkoxy, aryloxy or halogen. 



Positions 7,8 can be olefin as shown or dihydro-, 
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dihydroxy-, hydroxyhalo-:., epoxy-, dihalo-, hydrohalo-, 
hydrohydroxy-, or CXY (X,Y = halogen or hydrogen) 
adducts • 

The method comprising the steps of conjugating 
a glucuronate ester and/or a substituted .glucuronate 
ester with morphine or substituted morphine using acid 
catalysis to yield the morphine gluctironate 
derivative, followed by replacement of R 1 (of formula 
1) by hydrogen and ester hydrolysis of the glucuronate 
at R 2 (of formula 1) • 

Preferably R 1 , R 2 and R 3 of the 
morphine-6-glucuronide or substituted 
morphine- 6-glucuronide are present in one of the 
following combinations 
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R1 


R2 


R3 


H 


p-D-glucuronyl 


methyl 


p-D-glucuronyl 


P-D\^mcurony! 


metnyi 


acetyl 


methyl p-D-(2 t 3,4-trHsobutyryl)glucuronate 


methyl 


benzoyl 


methyl p-D^2^4-tnlsobutyryl}glucuronate 


methyl 


H 


methyl p-D-(2,3,4«triisobutyiyl)glucuronate 


methyl 


tbutyldimethylsilyl 


methyl p-D-{2,3 1 4-triisobutyryi)glucuronate . 


methyl 


isobutyry) 


methyl p-D-(2,3.4-trrisobutyryt)glucuronate 


methyl 


methyl p-D-(2,3 f 4-triacetyl)gliJCuronate 


acetyl 


methyl 


methyl p-D-t^a^-triisobutyiyOglucuronale 


H 


methyl 


methyl p-D-(2 f 3,4-triacetyl)glucuronate 


methyl p-D-(2,3,4-triacetyl)glucuronate 


methyl 


methyl p-D-(2£ Atnisobutyryl)glucuronate 


methyl p-D-(2 > 3 f 4-trHsobutyryl)glucuronate 


methyl 


propionyl 


H 


methyl 


isobutyryl * 


H 


methyl 


plvalyl • - • 


H 


methyl 


toutyldimethylsilyl 


H 


methyl 


methyl 


glucuronic acid 


methyl 


H 


glucuronic add 


methyl, -* 0 


H 


glucuronic acid 








>0=NRR 4 t OR, 


• 




halogen 
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The morphine or substituted morphine may comprise 
the following formular- 



R 3 
I 




1 



Positions 7,8 can be olefin as shown or dihydro-, 
dihydroxy-, hydroxyhalo-, epoxy- , dihalo-, hydrohalo- , 
hydrohydroxy-, or CXY (X,Y - halogen or hydrogen) 
adducts - 

Wherein R 1 , R 2 and R 3 may be any of the following 
combinations : - 
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3 


i ^ 








methyl 


n 


H 
H 


alkyl 


acyl 


H 


alkyl 


stiyl 


H 
H 


alkyl 


alkyl ' 


alkyl 


araJkyt 







The glucuronate esters and substituted glucuronate 
esters may comprise the following formulae:- 




Wherein 



R = alkyl or aryl. 
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R 2 = acyl, silyl, alkyl, benzyl or aryl and 

X = O-acyl, 0C(NH)CC1 3 , OC (NH) C (halogen) 2 R, 

inorganic ester, e.g. phosphate, sulphate, 
derivatives 

These compounds can be prepared by adapting the 
procedure given in the specific examples of the present 
application. 

The glucuronate esters and substituted glucuronate 
esters preferably comprise the following formulae: 



CO^R 1 




2 



Wherein R , R and X comprise any of the 
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R 2 


X 

» 


methyl 




acetyl 


Br 


afcyl 




acyl 


Oacyl 


aficyt 




acyi 


OH 


aBcyl 




acyl 


0-C(NH)-CCb 


methyl 




acetyl 


oCi 


methyl 




acetyl 




methyl 




isobutyryl 


p-isobutyiyl 


methyl 




isobutyryl 


a-isobutyryl 


methyl 




isobutyryl 


OH(a/p) 


methyl 




isobutyryl 


aOH 


methyl 




isobutyryl 


a-trichloroacetyl imidoyl 


methyl 




isobutyryl 


Br(a/P) 


methyl 




pivalyl 




methyl 




benzoyl 


benzoyl (ot/p) 



These 7 compounds can be prepared by adapting the 
procedure given in the specific examples of the present 
application. 

In a preferred embodiment of the present 
' invention the phenolic group of the 
morphine-6-glucuronide or substituted 
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morphine-6-glucuronide esters is protected. The 
protected esters may then be isolated. This is 
followed by alkaline or enzymatic hydrolysis or 
removal of silyl protecting groups using fluoride for 
example. 

The process of the present invention avoids the 
use of barium hydroxide and other heavy metals in the 
synthesis. 

This invention uses D-glucurono-6, 3-lactone 
which is converted to esters of tetra-O-acyl- /S 
-D-glucopyranuronates 2 (where the acyl group could 
include acetyl , propionyl, butyryl, isobutyryl, 
pivalyl, and other esters of organic acids as well as 
inorganic esters) Ofte product could then be 
condensed directly in the presence of a catalyst such 
as trimethylsilyl trif late or a Lewis acid, with 
morphine or a derivative whereby the phenolic OH group 
is protected, e.g. as a silyl, alkyl or aryl ether 
group or alternatively with an acyl group such as 
acetyl, benzoyl, isobutyryl, pivalyl and esters of 
other- organic acid as well as inorganic esters. After 
condensation, protecting groups can be removed by 
hydrolysis or other selective cleavage. An 
alternative method of synthesis involves the selective 
cleavage at position 1 of the ester tetra-O-acyl-^ 
-D-glucopyranuronate (X of formula 2 is O-acyl) to give 
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the corresponding hemiacetal (X is OH) followed by 



formation of the imidate (X is 0C(NH)CC1^ using " 



for example trichloroacetonitrile in the presence of 
potassium carbonate or other group I metal carbonates 



rather than the sodium hydride previously used for 
such transformations of sugar esters. (R.R. Schmidt, 
Angew, , Chem . , Int. Ed- Engl. 1986, 2£, 212). 
Condensation of the imidate in the presence of a Lewis 
acid, e.g boron trifluoride etherate with either 
morphine or a suitably protected derivative at 
position 3 leads to successful glycoside formation. 
Alternatively the hemiacetal itself can be used or 
converted to derivatives with other good leaving 
groups , at C-l for glycoside formation under acid 
catalysis. 

The present invention has been used to produce a 
large number of new compounds. These compounds include 
morphine- 6-glucuronide derivatives of the following 
formula: 
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Positions 7 r 8 can be olefin as shown or dihydro-, 
dihydroxy-, hy droxyhalo-* r epoxy- r dihalo-, hydrohalo-, 
hydrohydroxy-, or CXY (X,Y = halogen or hydrogen), 
adducts 

Wherein R 1 , R 2 and R 3 may be any of the following 
combinations s — 
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1 R1 


R2 


R3 


acetyl 


methyl p-D-(2,3,4-triisobutyryI)glucuronate 


methyl 


benzoyl 


methyl p-D-(2,3 l 4-triisobutyryl)glucuronate 


methyl 


H 


methyl p-D-(2,3,4-triisobutyryl)glucuronate 


methyl 


tbutyldimethylsilyl 


methyl p-D-(2,3,44riisobutyryJ)glucuronate . 


methyl 


isobutyryl 


methyl p-D-(2 l 3,4-triisobutyryl)glucuronate 

• 


methyl 


methyl p-D-(2,3 f 4-triacety1)g!ucuronate 


acetyl 


methyl 


methyl p-D-(2 r 3 ( 4-triisobutyiyl)g!ucuronate 


H 


methyl 


methyl p-D-{2,3 t 4-triacetyl)glucuronate 


methyl p-D-(2,3 t 4-triacetyl)glucuronaie 


methyl 


methvl 6-D-(2.3.4-triisobutvrvnalLicuronate 


methvl R-D-f2 3 4-trifcnhiitvivnnliirtirnria'fp 


mnl hvr 1 

iJiciiiyi 


nmntnnvf 


H 
ri 


m At K»» j 1 

memyi 


•suuuiyryi 


n 


methyl 


pivaM 


H 


mpfhvl 


H 


glucuronic acid 


methyl. *♦ 0 


H 


glucuronic acid 


(CHzJ^c • 






X=NRR 4 .OR. 






haloqen 



The process of the invention has also utilised a 
large number of new sugars of the following formulae:- 




2 
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Wherein R 1 , R 2 and X may be any of the following 
combinationsi- 





R2 ! 


X 


methyl 


isobutyryl 


p-isobutyryl 


methyl 


isobutyryl 


a-isobutyryl 


methyl 


isobutyryl 


OH(a/p) 


methyl 


isobutyryl 


a-OH 


methyl 


isobutyryl 


a-trichloroacetyi imidoyl 


methyl 


isobutyryl ' 


Br(a/P) 



As specified previously these compounds can be- 
prepared by adapting the procedure given for the 
specific examples of the present application. 

The present invention is described in more detail 
by way of the following non-limiting examples. 

Preparation of 3-acetylmorphine (1; R 1= Ac, 
R 2 =H, R 3 =Me) . 

To a stirred suspension of morphine (4g, 14mmol) 
in 10% aqueous sodium bicarbonate (377ml) was added 
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acetic anhydride (19ml) ..over 8.5 minutes. 15 minutes 
after the addition, ice cold water (300ml) was added 
and the solution was extracted with dichloromethane 
(200ml) . The organic extract was washed with brine, 
dried over Na 2 S0 4 , and the solvent removed in vacuo to 
leave a sticky white residue. Trituration with ether 
gave 3-acetylmorphine (3.68g, 80%). The corresponding 
3-pivalyl, 3-isobutyryl, 3-propionyl and other 3-acyl 
derivatives of morphine were also prepared. 

Preparation of 3-tert-butyldimethylsilylmorphine 
( TBDMS-morphine) 

To a stirred suspension of anhydrous morphine 
O.Olmmol) at -78°C in anhydrous THF (15ml) was added 
1.6M butyllithium .(4.8ml, 0.492g, 7.68mmol) over 8 
minutes. 42 minutes later, a solution of TBDMS 
chloride (1.27g, 8.43mmol) in anhydrous THF (10ml) was 
added over 10 minutes. The mixture was left to warm up 
gradually to room temperature overnight by which time 
all the material had gone into solution. Water was then 
added to .the mixture which was extracted with 
dichloromethane several times. The organic extracts 
were combined, washed with brine, dried over Na 2 S0 4 , 
filtered and the solvent removed in vacuo to leave an 
off-white film. Chromatography over silica using 
CH 2 Cl 2 /MeOH (5:1) as eluent afforded the product as a 
white solid (1.58g, 56%). Recrystallisation from Et 2 0/ 
petrol (boiling point 4 0-60°) gave white crystalline 
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needles (1.37g), m.p. = 120-122°C. 

Preparation of methyl 1, 2,3,4-tetra-O-pivalylglucuronate 

To a suspension of glucurono lactone (10g, 57 mmol) 
in MeOH (53ml) was added NaOMe powder (13mg) . The 
mixture was left to stir overnight by which time all 
material had gone into solution. The solvent was 
removed in vacuo to leave a brown residue , which was 
dissolved in pyridine (34ml) and dichloromethane (35 
ml) and then cooled to 0°C. Pivalyl chloride (63ml, 
61.66g, 0.511mmol) was then added over 2 hours keeping 
the reaction temperature below 15°C. the mixture was 
allowed to warm up gradually to room temperature 
overnight. More dichloromethane was then added, the 
mixture was washed with 1M HC1 (5 x 40ml) , sodium 
bicarbonate C5 x 50ml) , and brine before drying ovfcr 
Na 2 S0 4 , filtering and evaporating to leave a pale 
coloured residue. Addition of petrol (boiling point 
40-60°) and subsequent cooling in the refrigerator 
afforded a white solid which was filtered, washed with 
more petrol (boiling point 40-60°) and dried in a 
vacuum oven at 40°C (25mm Hg) to give the product 
(9-66g, 32%) as white crystals, m.p. 149°C. The 
corresponding isobutyrate was made by an analogous 
procedure. 

Preparation of methyl 2, 3,4-tri-O-acetylglucuronate 
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(2, R^"=Me , R 2 = Ac, X=OH) . 

Ammonia gas pre-dried by passing it through a bed 

of sodium hydroxide was bubbled through dichloromethane 

(200ml) at -4°C over 1 hour at a rate. which kept the 

temperature below 0°C. The sugar acetate (R X =Me, 
2 

R =Ac, X = OAc) (6g, 16mmol) was added to this solution 
which was stirred at 0°C for 3.5 hours and then left to 
stand at room temperature. After 6 hours nitrogen gas 
was bubbled through the yellow solution for 5 minutes 
and the mixture left to stand for a further 9*5 hours. 
By this time some brown gummy material had been 
deposited and t.l.c. on silica (1:1, petrol (boiling 
point 40-60°) /EtOAc) indicated that no starting 
material was left. Nitrogen gas was then bubbled 
through the solution for 20 minutes and the solution 
was extracted with ice-cold 10% aqueous hydrochloric 
acid, then water. After the two phases had been 
separated, .the organic layer was dried (Na 2 S0 4 ) , 
filtered and the solvent removed in vacuo to leave the 
crude product (3.83g) as a white foam. This product 
is a mixture of t< and JS anomers which can be 
crystallised from chloroform/petrol (boiling point 
40-60°). TLC: Rf - 0.3 (1.1 petrol (boiling point 
40-60°) /EtOAc).IR: 3670-3120, 2940, 1710, 1440 cm" 1 

The corresponding isobutyrate was made in a 
similar way. 
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Preparation of methyl 2, 3 , 4-tri-0-acetyl-l-0- 
( trichloroacetimidoyl) - « -D-glucuronate (2 ; R 1= Me , 
R 2 =Ac, X=0C(NH)CC1 3 ) 

To a solution of the preceding hemiacetal (2.8g, 
8.4mmol) in dichloromethane (3 0ml) at room temperature 
was added trichloroacetonitrile (4.4ml, 6.39g, 
43.9mmol) and the solution stirred for 10 minutes. 

Potassium carbonate was then added and within minutes 

* 

the mixture started to get darker. After 30 hours it 
was filtered through a short pad of silica, eluting 
with ether. The filtrate was concentrated in vacuo to 
afford the crude product as a sticky pale yellow solid 
(3.7g, 93%) which was recrystallised from isopropanol 
as white crystals (3.1g). m.p. = 107-108° 
TLCr Rf » 0.52 (1:1 petrol (boiling point 40-60°) /EtOAc) 
XR: 3320, 2980, 1720, 1680 cm" 1 

<^(CDC1 3 : 8.76 (lH,bs,HN) ; 6.63 (lH,d, J=3 .5Hz,l-H) ; 

S.63 (lH,t,J=9.7Hz r 4-H) ? 5.27 (1H, t, J=9 .7Hz, 3-H) ?5.15 
(lH,dd,J=3.5,9.7Hz,2-H>;4.49 (lH,d, J=9.7Hz,5-H) ?3 .75 
(3H,s,C0^MeJ ; 2.05 (6H,s,Ac) ; 2.03 (3H,s,Ac) 

The corresponding isobutyrate was made in a 
similar way. 

Preparation of methyl 3-acetylmorphine-6-(2 l 3 , 4 , -tri' 
isobutyry 1 ) glucuronate . 
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isobutyryl) glucuronate. 

3-Acetylmorphine (0.372g, 1 ,1411111101) dried by 
azeotroping with benzene was dissolved in dry 
dichloromethane (4ml), the tri-isobutyryl imidate 
(2;X=0C(NH)CC1 3 , R^Me, R^COPr 1 ) (1.28g, 2.28mmol) and 
BF 3 .Et 2 0 (28ul/ 0.0323g, 2.28mmol) and 4A molecular 
sieves added. After stirring at room temperature 
overnight the mixture was diluted with 
dichloromethane, washed with sodium bicarbonate, water 
and brine, dried over Na 2 S0 4 and the solvent removed 
in vacuo to leave a pale brown residue (1.53g) . This 
was chromatographed over silica (40g) using CHCl 3 /MeOH 
(40:1 to 9:1) as eluent to afford the product (0.52g, 
63%) which can be recrystallised from absolute EtOH as 
off-white crystals, nup". - 188-189°C. 

Preparation of morphine-6-glucuronide. 

To a solution of the above glucuronate in MeOH 
(24ml) was added 5% aqueous NaOH (6ml) and the mixture 
was left to stir for 20 hours. T.l.c 
(n-BuOH/acetone/AcOH/5% aq.NH 3 /water 45:15:10:10:20) 
showed that there were two components one of which was 
M6G and the other morphine. The solution was 
transferred to a beaker and was acidified with glacial 
acetic acid (7ml) which took the pH of the mixture to 
5.5. Shortly after this pH was reached (5 minutes), a 
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white solid started to precipitate. The suspension was 
stirred for a further 30 minutes, the solid filtered 
and washed with MeOH, and morphine- 6-glucuronide (0.4g, 
52%) was obtained after drying at 120°C for 4 hours, 
m.p. 240-243 °C. More M6G could be obtained by cooling 
the filtrate. 

Preparation of dimethyl morphine- 3, 6-di 
(2, 3, 4-triisobutyry 1) glucuronate . 

To a stirred suspension of morphine 
7.02mmol>, the triisobutyryl imidate (2) (R^Me, 
R^COPr 1 , X=0C(NH)CC1 3 ) (15.79g, 28.08mml) and 4A 
molecular sieves in dichloromethane (40ml) at room 
temperature under argon was added BF 3 .Et 2 0 (3.53ml, 
3.98g, 28.08mmol). After only 15 minutes virtually 
all of the starting material had gone into solution, 
which was left to stir for 2 days. The solution was 
diluted with dichloromethane, washed with sodium 
bicarbonate, water, brine and dried over Na 2 S0 4 . 
Filtration and evaporation afforded reddish brown 
gummy crystals. Chromatography over silica (225g) 
using CHCl 3 /tfeOH (40:1 - 9:1) as eluent gave crude 
diglucuronate which was crystallised by trituration 
with EtOE. After filtration and drying the dimethyl 
morphine-3, 6-di (2,3, 4-triisobutyryl) 
glucuronate (4.3g), m.p. 229^230° , was obtained. The 
filtrate was cooled in a refrigerator to afford a 
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second crop of product (277mg) . 

C,H,N analysis: Found: C, 60.6; H, 6.9; N, 1.3 
C 55 H 75 N0 21 re( 3 uires C ' 6 0-8; H, 6.9; N, 1.3. 

Preparation of morphine-3, 6-digiucuronide. 

To a stirred suspension of the above dimethyl 
morphine-3 , 6-diglucuronate (2g, 1.84mmol) in MeOH 

(60ml) was added 5% aqueous NaOH (10.3ml). Most of the 
solid went into solution after 15 minutes and the 
mixture was left to stir overnight. The clear solution 
was then acidified with glacial acetic acid to pH6 and 
the resulting precipitate was filtered and washed with 
MeOH. Drying at 60° under high vacuum gave crude 
morphine-3, 6-diglucuronide (0.92g) which was 
recrystallised from hot water/MeOH, m.p. 243-244° 

(dec . ) ' 

It is to be understood that the above described 
examples are by way of illustration only. Many 
modifications and variations are possible. 
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CLAIMS 



1. A process for making morphine-6-glucuronide or 
substituted morphine-6-glucuronide of the following 
formulae:- 



R 3 
I 




Positions 7, 8 can be olefin as shown or dihydro-, 
dihydroxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, 
hydrohydrqxy-, or CXY (X r Y ■ halogen or hydrogen) 
adducts . 

Wherein 

R 1 = alkyl, aryl r acyl r silyl, phosphate, 
sulphate, hydrogen or glycoside. 
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= glycoside esters, and 



4 



- alkyl, aryl, hydrogen, (CH 9 )nX where X=NRR% 



alkoxy, aryloxy or halogen." 

The method comprising the steps of 
conjugating a glucuronate ester and/or 
substituted morphine using acid catalysis to 
yield the morphine glucuronate derivative, 
followed by replacement of R 1 (of formula 1) by 
hydrogen and ester hydrolysis of the 
glucuronate at R 2 (of formula 1) . 



2. A process as claimed in claim 1, characterised in 

12 * 3 

that R , R and R are one of the following 



combinations :- 



* 
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H 

j p-D-glucuronyl 

acetyl 
benzoyl 
H 

ibutyldlmethylsilyl 
isobutyryl 

methyl p-D-(2,3,4-triacetyl)glucuinnate 
methyl p-D-(2,3.4-triisobutyryI)gIiJCuronale 
methyl prDH2A4-triacetyQglucuronate 
methyl p^2j3/Hmsobutyryl)glucuronate 

propionyt 
isobutyryl - 
pivaiyl - 

ibutyldimethylsiiyl 
methyl 
H 
H 



R2 



J-D-glucuronyl 


meinyi 


J-D^uicuronyl 


methyl 


methvl B-D-(2,3 l 4-triisobutyxy0g^cu ronate 


methyl 


methvl B-EKW^triisobutyryOglucuronate 


methyl 


methyl B-D-CW^-trasobutyiyOglucuronale 


methyl 


methyl p-D-^3,4-tnlsobutyryJ)glucuronale . 


methyl 


methyl p^H2.3.4-triisobutyryl)glucuronale 


methyl 


acetyl 


methyl 


H 


methyl 


methvl B-D-(2,3 f 4-tnacetyl)glucuronate 


methyl 


methyl p-D-(2,3,4-tnisoDuiyryi;giucu' oi 


methyl 


H 


methyl 


H 


methyl 


H 


methyl 


H 


methyl 


glucuronic acid 


methyl 


glucuronic acid 


methyl, O 


glucuronic acid 


(CH2)nX 


Xp= nrr 4 , or. 




haloqen 



R3 



3. A process as claimed in claim 1 or claim 2, 
wherein the morphine or substituted morphine comprises 
one of the following formulae:- 
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Positions 7,8 can be olefin as shown or dihydro-, 
dihydroxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, 
hydrohydroxy-, or CXY (X,Y - halogen or hydrogen) 
adducts. 

* 1 2 3 
Wherein R , R and R J are one of the following 

combinations s - 
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4. A process as claimed in any preceding claim, 
characterised in that the glucuronate ester and 
substituted glucuronate ester comprises one of the 
following formulae:- 




WO 93*K[51 



Wherein 
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R = alkyl or aryl, 
2 

R = acyl, sily, alkyl, benzyl, or aryl, and 

X ■ O-acyl, OC(NH)CCl 3 , OC (NH) C (halogen) 2 R, 

inorganic ester, e.g. phosphate, sulphate, 
derivatives . 

5, A process as claimed in any preceding claim, 
characterised in that the glucuronate ester and 
substituted glucuronate ester comprises one of the 
following formulae 
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Wherein R 1 , R 2 ajid X comprise any of the following 
formulae:- 



Rl 


R* 




methyl 




acetyl 


Br 


a*yl 




acvi 


O-acyl 


a*yl 




acyl 


OH 


afcyl 




acvi 

• 


OC(NH)-CC(3 


methyl 




acetyl 


ad 


methyl 




acetyl 




methyl 




isobutyiyl 


p-isobutyiyl 


methyl 




isobutyryl 


a-isobutyryl 


methyl 




isobutyiyl 


OH(c^P) 


methyl 




isobutyryl 


a-OH 


methyl 




isobutyryl 


a-trichtoroacetyi irnktoyl 


methyl 




isobutyryl 


Br(a/p) 


methyl 




fxvalyt 


P-pvalyl 


methyl 




benzoyl 


benzoyl (oc/p) 



6. A process as claimed in any preceding claim, 
characterised in that the phenolic hydroxide group of 
the morphine- 6-glucuronide esters or substituted 
morphine- 6-glucuronide esters is protected. 
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7. A process as claimed in any of claims 1 to 5, 
characterised in that the process comprises selective 
cleavage at position 1 of the glucuronate or 
substituted glucuronate to give the corresponding 
hemiacetal. 

8. A compound selected from the following formulae:- 




R f 0 



'OR* 



Positions 7, 8 can. be olefin as shown or dihydro-, 
dihydroxy-, hydroxyhalo-, epoxy-, dihalo-, hydrohalo-, 
hydrohydroxy-, or CXY (X,Y = halogen or hydrogen) 



WO 93. 



* 



-30- 



PCT/GB92/01449 



adducts . 

Wherein R 1 , R 2 and R 3 may be any of the following 
combinations :- 



acetyl 

benzoyl 

H 

tbutyldlmethylsHyt 
tsobutyryl 

methyl p^2.3,44riacetyl)gluaironate 

methyl p-D-C^.^trilsobutyfyOglucuronate 

methyl p-J>(2,3,4-triacetyI)glucuronate 

methyl §-D-{2.3,4-triisobutyryI)glucuronate 

propionyf 

tsobutyryl * 

pih/alyt 

H 

H 



methyl p-D-{2,3.4-trnsobutyryl)gIucuronate 
methyl p-D-{2 t 3,4-tnTsobutyryl)gtucuronate 
methyl p-D-{2 t 3 t 4-triisobutyiy1)g!ucuronate 
methyl p-D-{2.3,4-triisobutyryl)glucuronate 
methyl p-D-(2,3 t 4-triisobutyryI)glucuronate 



H 

methyl p-D-(2.3 t 4-triacetyl)gIucuronate 

methyl p-0-{2,3 t 4-triisobutyfyI)glucuronate 

H 

H 

H 

glucuronic add 
glucuronic add 



R3 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 

methyl 
methyl, -+ O 

(CH2)nX " 

X=NRR*OR. 

halogen 



9. A compound selected from the following formulae: 
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Wherein R , R and X may be any of the following 
combinations;- 





R2 


X 


methyl 




isobutyryl 


fHsobutyryl 


methyl 




isobutyiyl 


a-isobutyryl 


methyl 




isobutyryl 


OH(a0) 


methyl 




isobutyiyl 


aOH 


methyl 




isobutyryl 


a-trichloroacetyl imidoyl 


methyl 




isobutyryl 


Br(oc/p) 
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